INTRODUCTION
============

Apolipoproteins (Apo) are the protein components of plasma lipoproteins and also known to determine the structural stability and metabolism of lipoproteins. ApoB and apoA-I are the main structural proteins of low-density lipoprotein (LDL) and high-density lipoprotein (HDL) particles, respectively. ApoB puts together the precursors of LDL and very-low-density lipoprotein (VLDL) in the liver ([@B1]).

Until now, diabetes mellitus, hypertension, and dyslipidemia have been regarded as established predictors of cardiovascular disease. Life style risk factors, including dietary habits, physical inactivity, smoking, alcohol intake, stress and obesity strongly affect the established cardiovascular risk factors ([@B2]-[@B4]). The reduction of risk factors for cardiovascular disease can prevent the incidence of the cardiovascular diseases ([@B5]). The assessment, treatment, monitoring and prevention of these risk factors are major emphases of clinical care, research investigation and treatment guidelines. The Framingham risk prediction model was based on the 12 yr of follow-up of 5,573 members of the Framingham Heart Study, aged 35-74 yr free from symptomatic cardiovascular diseases at baseline ([@B6]). The Framingham risk score (FRS) has been a traditionally used algorithm in primary prevention strategies for the assessment of 10-yr risk for coronary heart disease (CHD) events in middle-aged, asymptomatic individuals ([@B7]). Recently, several studies have reported that other risk factors for CHD were associated with the FRS ([@B8]-[@B10]).

However, there have been few reports on the relationship between apoB and risk of CHD using FRS. Furthermore, no reliable data obtained by healthy men without diabetic and hypertensive medication are available regarding the risk of CHD development with apoB level. Therefore, we conducted the large scaled cross-sectional study. The aim of this study was to determine whether plasma concentrations of apoB have an elevated 10-yr risk of developing CHD using FRS in healthy Korean men.

MATERIALS AND METHODS
=====================

Study subjects
--------------

A cross-sectional study was conducted to examine the association between serum apoB and risk for CHD in healthy Korean men who were employed at various companies in Korea. All employees participated in an annual health examination, as was required by Korea\'s Industrial Safety and Health law. A total of 25,594 men participated in the comprehensive health examinations at a university hospital in Seoul, from January to December in 2007. Among them, 3,828 were excluded for various reasons: 14 had a past history of a malignancy; 2,375 were taking medication for diabetes; 1,688 were taking medication for hypertension at their initial examinations. Because some individuals had more than one exclusion criterion, the total number that was eligible for the study was 21,766. We excluded an additional 1,075 from our study subjects not calculating FRS, 7,087 not possessing information about apoB variables and 81 aged less than 30 yr old. FRS should be applied to individuals who are over 30 yr old ([@B2]), because FRS may less accurately predict the risk of CHD in younger individuals. Ultimately, 13,523 men, aged 30 to 77 yr old, were enrolled in the analysis and were observed the relationship between apoB and the risk of CHD using FRS.

Clinical and laboratory measurements
------------------------------------

The initial health examinations that were performed in 2007 included a medical history, a physical examination, a questionnaire about health-related behavior, anthropometric measurements, and biochemical measurements. The medical history and the history of drug prescription were assessed by the examining physicians. All the participants were asked to respond to a questionnaire on health-related behavior. Questions about alcohol intake included the frequency of alcohol consumption on a weekly basis and the usual amount that was consumed on a daily basis (≥ 20 g/day). We considered persons reporting that they smoked at that time to be current smokers. Overweight and obesity was defined as a body mass index (BMI) ≥ 25 kg/m^2^ for all subjects as an index of obesity because this cut-off has been proposed for the diagnosis of obesity in Asian people ([@B11]).

Blood samples were collected after more than 12 hr of fasting and were drawn from an antecubital vein. The total cholesterol, triglycerides, LDL-cholesterol, HDL-cholesterol, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were measured enzymatically with an automatic analyzer (Advia 1650 Autoanalyzer, Bayer Diagnostics; Leverkusen, Germany). The fasting serum glucose was measured with the hexokinase method. Insulin levels were measured with immunoradiometric assays (Biosource, N. velles, Belgium). Insulin resistance was assessed with the Homeostasis Model Assessment of insulin resistance (HOMA-IR): Fasting serum insulin (µU/mL) × fasting blood glucose (mg/dL)/22.5. High sensitivity-C reactive protein (hsCRP) was measured by immunonephelometry (Dade Behring Co., Marburg, Germany), and apoA-I and apoB measured by rate nephelometry (Beckman Instruments, Fullerton, CA, USA). Distribution of values was assessed by the Kolmogorov-Smirnov test for normality of distribution. Because the values of hsCRP were skewed to the right, its log-transformed data were used in analysis. Trained nurses obtained sitting blood pressure (BP) levels with a standard mercury sphygmomanometer. The first and fifth Korotkoff sounds were utilized in order to estimate the systolic BP and the diastolic BP. Height and weight were measured after an overnight fast with the subjects wearing a light-weight hospital gown and no shoes. The BMI was calculated as the weight (kg) divided by the square of the height (m).

Framingham risk score assessment
--------------------------------

The FRS was calculated from the National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP) III algorithm, based on six coronary risk factors: gender, age, total cholesterol, HDL-cholesterol, systolic BP and smoking habit ([@B7]). Among these factors, age, BP, and cholesterol levels were categorized according to their values and smoking status was classified as either \"current smoker\" or \"non-smoker\". Finally, the corresponding point was given to each man and then the total score was used as the individual\'s CHD risk level. The FRS has been used to predict the 10-yr risk of coronary events (fatal/nonfatal myocardial infarction or sudden death) ([@B12]). The FRS for CHD over 10 yr was calculated for each man ([@B12]), and divided into three levels of risk \< 10% (low), 10%-19% (intermediate) and ≥ 20% (high) ([@B7]). In this study, we defined FRS ≥ 10% as more-than-a-moderate CHD risk group and FRS ≥ 20% as a high CHD risk group, respectively.

Statistical analyses
--------------------

The one-way ANOVA and chi-squared test were used to analyze the statistical differences across the characteristics of the study participants in relation to the quartiles of apoB level and 10 yr-predicted-risk groups of the FRS. More-than-a-moderate risk (FRS ≥ 10%) and high risk (FRS ≥ 20%) were considered as dependent variable. The logistic regression analyses were conducted to calculate the odds ratio (OR) and 95% confidence interval (CI). The data were first unadjusted, then adjusted for the multiple covariates. In multivariable model, we included apoB/apoA-I, BMI, diastolic BP, LDL-cholesterol, triglyceride, ALT, HOMA-IR, log (hsCRP) and alcohol intake. The statistical analysis for the data was performed with SAS version 9.1 (SAS Institute Inc., Cary, NC, USA). All the reported *P* values were two-tailed, and those \< 0.05 were considered to be statistically significant.

Ethics statement
----------------

This study was approved by the institutional review board of Kangbuk Samsung Hospital, Sungkyunkwan University, School of Medicine in Seoul, Korea (IRB number: KBC09100). All participants gave their written informed consent.

RESULTS
=======

The relevant clinical characteristics of the 13,523 male subjects are shown in [Table 1](#T1){ref-type="table"}. Overall, the mean ± standard deviation of age and FRS were 41.7 ± 7.0 yr and 5.4 ± 5.3, respectively. The mean apoB, apoA-I and apoB/apoA-I were 97.4 ± 20.6 mg/dL, 135.1 ± 17.9 mg/dL and 0.7 ± 0.2, respectively (mean ± standard deviation). The prevalence of current smoker was 25.7%. 37.8% of the study subjects had an alcohol intake ≥ 20 g/day. The relevant clinical characteristics in relation to the quartiles (Q) of apoB level are shown in [Table 2](#T2){ref-type="table"}. In the categorical analyses, the FRS increased with the quartiles of apoB level (*P* for trend \< 0.001). The relevant clinical characteristics in relation to the 10 yr-predicted-risk groups of FRS are shown in [Table 3](#T3){ref-type="table"}. These data showed that there was a significant relationship between all the clinical variables and three groups of the 10 yr-predicted-risk of FRS except for BMI. [Table 4](#T4){ref-type="table"} presents the OR and 95% CI of the risk of CHD with respect to the continuous variable of apoB and the quartiles of apoB level. The unadjusted OR and 95% CI of the risk of CHD with respect to the continuous variable of apoB was 1.99 (1.88-2.10) in more-than-a-moderate risk (FRS ≥ 10%) and 4.59 (3.61-5.84) in high risk (FRS ≥ 20%), respectively. When Q1 set as a reference, in unadjusted analyses, the Q2, Q3, Q4 of apoB level had increased OR for the risk of CHD in both more-than-a-moderate risk and high risk group (*P* for trend \< 0.001). After adjusting for apoB/apoA-I, BMI, diastolic BP, LDL-cholesterol, triglyceride, ALT, HOMA-IR, log (hsCRP) and alcohol intake, multivariable-adjusted logistic regression analyses showed a strong relationship between the quartiles of apoB level and more-than-a-moderate risk and high risk group, these associations were attenuated, but still remained statistically significant.

The total of study subjects is 21,766; 13,523 included in analysis and 8,243 excluded from analysis. There are no major inconsistencies between the exclusion and inclusion of individuals except for age, fasting serum glucose and alcohol intake. Therefore, exclusion of these individuals would be unlikely to cause bias (data not shown).

DISCUSSION
==========

This study demonstrated that apoB showed significant relationship with three groups of the 10 yr-predicted-risk of FRS. In unadjusted and multivariable-adjusted logistic regression analyses, apoB was found to be independently related to the risk of CHD using FRS in healthy Korean men, and the link between apoB and the risk of CHD was found to be dose-response related. In addition, apoB with a high risk showed a tendency to increase the risk of developing CHD. These findings provided an important point of view understanding the incidence of CHD, and furthermore, supported the notion that apoB should be considered as an additional atherogenic parameter in relation to CHD. As far as we know, few epidemiologic studies have explored the link between apoB and the risk of CHD using FRS, especially healthy men. Our findings are so valuable for the basis of the public health because these are based on a large sample of the general population of Korean men, where the incidence of CHD is common.

In the western countries, high apoB and low apoA-I have been shown to be an independent predictor of CHD ([@B13]-[@B18]); however, there have been no evidence to date that apos have a predictive value for CHD in Korea, even in Asian countries. In this regard, the present findings suggest the possibility that apoB rather than other atherogenic parameter, such as LDL-cholesterol, triglyceride and alcohol intake might be able to predict the future development of CHD in Korean population.

The mechanisms and the reasons that the apoB is highly associated with the CHD are not fully understood. However, Sniderman et al. ([@B19]) emphasized the importance of apoB in the development of cardiovascular disease, suggesting that the risk of cardiovascular disease is maximized if hypertriglyceridemia was associated with the high level of apoB, as an increased number of LDL particles and density.

Several recent reports have presented the possibility that the apos have been proposed as a better index for predicting the risk of cardiovascular disease than the traditional lipid parameters, based on the premise that apoB levels fully reflect the number of atherogenic lipoprotein particles, such as VLDL, intermediate-density lipoproteins, and LDL ([@B13], [@B14], [@B18], [@B20]-[@B23]). In the present study, the odds ratio of apoB was bigger than that of other lipid parameters.

The findings of the present study have clinically important implications. ApoB measurements may be more convenient, because they do not require blood sampling at fasting status ([@B24]). The costs for apoB measurement are lower than those of total cholesterol and HDL-cholesterol ([@B25]). The present diagnostic guideline of dyslipidemia did not include the apoB level in clinical settings, and the proper guideline for diagnose, treatment and medication should also be established, sooner or later.

This study has several potential limitations. First, this study is just confined to relatively racially homogeneous male of individuals of Korean ancestry who were recruited at a single urban hospital, so we cannot extrapolate our results to another race. Second, we used the FRS scales which were applied for the western people, so the FRS in this study may not reflect the typical characteristics of Korean people completely. In the future, FRS scales for Korean people should be prepared for next analysis. Despite these limitations, strengths of the present study include the large number of healthy male participants with comprehensive measurement of a panel of lipids and apos, including the direct measurement of lipids. Additionally, detailed information on cardiovascular risk factors was available. The participants not only had no past histories of a malignancy but also did not take medication for diabetes and hypertension at their initial examinations. So, this study was considered to provide strong evidence for association between FRS and the other various lipid parameters, such as apoB, apoA-I and so on.

In conclusion, our results strongly suggest that apoB is independently related to the risk of CHD using FRS in healthy Korean men, and the link between apoB and the risk of CHD is found to be dose-dependent.
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Characteristics of the study subjects (n = 13,523)
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All values are the mean ± SD, median (interquartile range) or the number of subjects (percent of the total). SD, standard deviation; BMI, body mass index; BP, blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HOMA-IR, Homeostasis Model Assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; FRS, Framingham risk score.
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Comparison of baseline characteristics among quartile groups of ApoB level (n = 13,523)
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Categorical data presented as No. (%); continuous data presented as mean (SD). ^\*^*P* value by ANOVA for continuous variables and chi square test for categorical variables.
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Characteristics of the study subjects stratified for 10-yr predicted risk groups (n = 13,523)
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Categorical data presented as No. (%); continuous data presented as mean (SD). ^\*^*P* value by ANOVA for continuous variables and chi square test for categorical variables.
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Odds ratio (OR) and 95% confidence intervals (CI) assessing the independent influence of ApoB on more-than-a-moderate risk (FRS ≥ 10%) and high risk (FRS ≥ 20%) of CHD
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^\*^Multivariate-adjusted for apoB/apoA-I, BMI, diastolic BP, LDL-cholesterol, triglyceride, ALT, HOMA-IR, log (hsCRP) and alcohol intake.
